diagnosing FAI, the non-radiologist reader had a sensitivity of 0.83 and specificity of 0.87. Intra-rater κ value was 0.72, and prevalence-adjusted bias-adjusted κ was 0.76. This study provides evidence that a non-radiologist can accurately and reliably identify FAI on plain films.
Introduction
There is emerging evidence that most hip pain in young active adults is caused by femoroacetabular impingement (FAI), a prevalent condition and proposed precursor to hip osteoarthritis (OA) [1, 2] . Despite its prevalence [3] [4] [5] , and relatively consistent presentation [6, 7] , many patients with symptomatic FAI experience significant delays in diagnosis (1-2 years) [6] . This occurs despite consistent signs and symptoms and subtle but identifiable abnormalities on plain films [6, 7] . As a result, many are misdiagnosed and receive inappropriate, ineffective or harmful treatment [6, 8] , including well-intentioned exercise to gain range of motion (ROM) and strength which may inadvertently lead to labral and chondral damage and accelerated onset of OA [9] .
Earlier identification of FAI could substantially reduce the time to diagnosis and mitigate damage to the hip joint. Currently, consultation with experienced musculoskeletal (MSK) healthcare providers is often necessary, though not always sufficient, to receive an appropriate diagnosis and treatment [8] . The ability of those in the front lines to order the correct views and accurately read FAI signs could enhance early diagnosis and potentially allow patients to be appropriately triaged for a trial Abstract The purpose of this study was to evaluate the validity and reliability of a radiographic diagnosis of femoroacetabular impingement (FAI) by a non-radiologist. Symptomatic FAI is prevalent and thought to be a cause of hip osteoarthritis. However, the diagnosis is often delayed by 1-2 years, in large part because radiographic findings are often subtle and clinicians have been unaware of their significance. The purpose of this study was to evaluate the validity of a radiographic diagnosis of FAI by a nonradiologist. A population-based sample of 701 subjects was recruited in Vancouver, Canada. For the current study, 50 subjects were selected-40 randomly from the population sample and 10 from an orthopedic practice with confirmed FAI. An anterior-posterior pelvis and bilateral Dunn radiographs were acquired and read by a fellowship-trained musculoskeletal radiologist and a third-year medical student who received basic training in radiographic signs of FAI. Three radiographic signs were evaluated: the lateral center edge angle, alpha angle and crossover sign. Validity was assessed using sensitivity and specificity, Bland-Altman limits of agreement and kappa. The sample contained 65 % women (n = 31), was 62 % Caucasian and 38 % Chinese and had a mean age of 38.3 years. For correctly of conservative care and/or flagged for specialist referral before problems arise and hip arthroscopy and/or replacement is required.
The purpose of this study was to evaluate the validity and reliability of a radiographic diagnosis of FAI by a non-radiologist.
Materials and methods
The Clinical Research Ethics Board at the University of British Columbia approved the study. All participants provided informed consent, and the rights of the subjects were protected.
IMPAKT-Hip study sample
This study was performed as part of a larger Canadian longitudinal study on the role of FAI and physical activity in hip pain, the IMPAKT-HiP study (Investigations of Mobility, Physical Activity and Knowledge Translation in Hip Pain). For IMPAKT-HiP, a random population-based sample of 700 subjects (500 Caucasian and 201 Chinese) was recruited through random digit dialing in Metro Vancouver, Canada. Inclusion criteria included individuals that were between the ages of 20 and 49, reported that both parents were of Caucasian or Chinese descent and could attend a 2-h assessment session, consisting of physical assessment, hip radiographs and a questionnaire. Subjects were excluded if they were pregnant or reported previous hip surgery, fibromyalgia or inflammatory arthritis, severe low back or knee pain, or had an acute hip injury within the previous 6 months.
Study sample
For the current study, 50 subjects were selected-40 randomly from the above population-based sample and 10 with clinically, imaging and arthroscopically confirmed FAI to enrich the sample with an adequate number of positive test findings. The 10 with FAI were drawn from an orthopedic practice in Vancouver and met study criteria for IMPAKT-HiP, and an orthopedic surgeon specializing in FAI confirmed the diagnosis.
Radiography
An anterior-posterior (AP) pelvis (weight-bearing hips IR 15°) and bilateral Dunn projection radiographs were acquired using standardized protocols. For the AP pelvis view, the subject was in a weight-bearing position, with the legs internally rotated 15º to allow better visualization of the contour of the lateral femoral head-neck junction [10] . The film-focus distance was 120 cm, and the central beam was directed to a midpoint between a line connecting both anterior superior iliac spines and the superior border of the symphysis.
For the Dunn view, the subject was supine and the hip was positioned in 45º flexion and 20º abduction while maintaining neutral rotation (defined as the tip of the coccyx pointing toward the midpoint of the superior aspect of the symphysis pubis). The X-ray beam was directed perpendicular to the table at the point midway between the anterior superior iliac spine and the symphysis pubis. Standard radiographic technique was followed [11] .
FAI radiographic signs
Three radiographic signs were evaluated: the lateral center edge angle (LCEA) [12] , crossover sign [13] (pincer FAI) and the alpha angle [14] (cam FAI) (Figs. 1, 2, 3). FAI was defined radiographically as any one of LCEA >40°, alpha angle >55° and presence of a crossover sign. Description and definitions for a positive test are given in Table 1 .
Image evaluation

Reader training
A fellowship-trained MSK radiologist (JK) instructed a third-year medical student (CZ) (no prior experience with hip radiographs or clinical FAI) on scoring of the above radiographic signs of FAI. The medical student then evaluated the digital radiographs of 25 hips (AP and Dunn views) obtained in subjects not from the study cohort, reviewed results with the radiologist and formed final consensus for definitions for each FAI variable.
After blinding all demographic and clinical information, the 50 hips were randomized and read by the fellowshiptrained MSK radiologist experienced in FAI and the thirdyear medical student. The medical student re-read all films 8 weeks later in a new randomized order.
Analysis
Validity was assessed using sensitivity and specificity of the readers scores against the MSK radiologists' standard. To examine agreement for the alpha angle and LCEA measurements obtained from the two readers, Bland and Altman plots were used. This plot included horizontal lines at the mean and two standard deviations of the differences between the two readers, depicting the level of bias and the limits of agreement [15] .
For intra-reader reliability of the medical student, overall agreement (FAI/no FAI) was examined using Cohen's kappa, as well as the prevalence-adjusted bias-adjusted kappa (PABAK). PABAK measures agreement beyond chance while taking into account both the prevalence of a positive finding and the bias of each measurement for reporting a positive finding. A PABAK of >0.60 was considered to indicate adequate reliability.
Results
The sample contained 65 % women (n = 31), was 62 % Caucasian and 38 % Chinese and had a mean age of 38.3 years (SD = 8.0). Hip pain in the past 12 months was reported by 42 %. One hip had a fracture and was excluded, leaving 49 hips. The results are given in Table 2 . When combining all three tests, the sensitivity was 0.83 and specificity was 0.87. For the individual tests, only the sensitivity for the crossover sign was below 0.85 (0.50). There were 6 cases of crossover; otherwise, there was a balanced prevalence of positive and negative findings allowing for a more precise assessment.
The Bland-Altman plots show the average value of the alpha angle (Fig. 4) and LCEA (Fig. 5) between the two readers for each subject, i.e., the theoretical true value, (x axis) against the difference between them. The dotted lines represent two SDs from the mean, and the majority of the results in the study fall well within these lines.
The intra-rater overall κ value was 0.72, and overall PABAK value was 0.76. For the individual tests, intra-rater ICC for the alpha angle was 0.97 and for the LCEA was 0.87. For the crossover test, κ was 0.58.
Discussion
This study provides evidence that a non-radiologist can accurately read FAI radiographic signs with minimal training. Symptomatic FAI is a prevalent problem seen by a variety of MSK clinicians. The diagnosis, often delayed by 1-2 years [6] , hinges on the interpretation of the radiograph [16] . Early diagnosis of FAI and minimally invasive interventions could prevent progression to hip OA and the growing number of THR procedures, especially in those <55 years.
The results are encouraging given that the FAI radiographic signs can be subtle and challenging to measure. The overall sensitivity for the presence or absence of FAI was 0.83 and specificity was 0.87. For the individual tests, the alpha angle and LCEA, the most commonly reported FAI signs for cam and pincer, respectively, had good validity. The crossover sign had acceptable sensitivity, but specificity was 0.50; precision may have been effected by low numbers (6 cases). Repeated measurements will rarely agree exactly; therefore, it is important to know by how much the new method is likely to differ from the established. If this is not enough to cause problems in clinical interpretation and effect decisions on patient management, the new method can replace the established [15] . The Bland-Altman plots which provide limits of agreement in the units of the measurement shed light on this. For the alpha angle, there is evidence that the mean alpha angle of normal hips (<50°) is substantially lower (20-40° [2, 17] ) than those with symptomatic cam FAI. The Bland-Altman plots from our data for alpha angle (Fig. 1) show that for the vast majority, the scores of the two readers are within 10° of each other. The limits of agreement for the difference in readings for the LCEA are smaller, with the majority within 3-4°, again likely sufficient to classify patients into pincer FAI or not.
Evaluation of the crossover sign was not well validated. There were only six cases of crossover sign present, but of these, three were missed and were consequently false negatives. Technical challenges including susceptibility to poor image quality and inadequate standardization of patient positioning make the crossover sign less reproducible [18] and may have effected results.
The study has several strengths. We used standardized radiographic protocols and conducted them at the same institution. Technicians were trained in the standardized protocols. Second, we had a balanced prevalence of positive and negative signs, providing more robust, precise findings. A third strength was the blinded design, such that neither reader was aware of the clinical information for the patient, or of the readings of the other observer. Fourth, for cam FAI we used the Dunn view-the radiographic view and protocol which has been shown to have the best sensitivity, specificity, predictive values and accuracy for alpha angle [19] .
This study has several limitations. We used a single MSK radiologist's interpretation as a reference standard, rather than test inter-rater variability between two expert readers. However, numerous studies [8, 16, 18] have shown good reproducibility between such readers, and hence, this was not the thrust of our manuscript. Rather, our purpose was to use the best (most reliable and clinically common) radiographic signs of FAI from the previously published papers and test the hypothesis that non-experts seeing patients with hip pain could be trained against the reference standard of an expert radiologist. Our results support the hypothesis that agreement between expert and non-expert readers can be acceptable, and furthermore, the non-expert medical student in this study also demonstrated good intrarater reproducibility (κ 0.72, PABAK 0.76).
We used one trained reader, which may limit the generalizability of the findings to other observers. However, we chose a third-year medical student to conservatively approximate the MSK readers who might be involved in the diagnosis of FAI patients, since he did not have clinical or radiographic experience in hip pain and FAI. We feel that experienced MSK clinicians familiar with both would likely perform as well or better [16] .
We are not aware of another study evaluating the validity of a non-radiologist in evaluating radiographic features of FAI. One study [19] looked at validity of varying X-ray views for the alpha angle (by two readers, job title and training not specified) in comparison with multiplanar MRI (read by an experienced MSK radiologist) and found that the Dunn view had the best validity, supporting radiographs as an adequate substitute to MRI in the evaluation of cam FAI.
We found only one study that reported intra-rater reliability finding for the alpha angle from the Dunn view, and it was reported at 0.98 [19] from the readings of an experienced MSK radiologist. Our findings for intra-rater ICCs for the alpha angle were lower (0.87) but acceptable and may reflect the difference between a third-year medical student and experienced radiologist. The intra-rater ICC for LCEA was 0.97, consistent with previous studies [16, 20] . The intra-rater kappa for the crossover test has been reported at 0.69 [18] and 0.73 [20] , and Mast et al. [16] reported an adjusted kappa of 0.95. Ours was lower (0.58) likely for similar reasons that affected validity of the crossover sign (discussed above).
Conclusions
Knowledge that MSK clinicians seeing hip pain can accurately identify FAI on plain films, despite the subtlety of the findings, could shorten the current 1-to 2-year delay in diagnosis.
Key points
• Findings: A non-radiologist demonstrated good validity (sensitivity 0.83, specificity 0.87) and reliability (PABAK 0.76) for a radiographic diagnosis of FAI.
• Implications: MSK clinicians seeing hip pain can, with minimal training, accurately identify FAI on plain films, despite the subtlety of the findings. This knowledge could contribute to changes in practice, shortening the current 1-to 2-year delay in diagnosis. The study also raises awareness about the importance of the optimal radiographic projections for cam FAI (Dunn view) and pincer FAI (AP pelvis).
• Caution: There was only one non-radiologist reader, a third-year medical student and not an experienced MSK clinician. This may limit external validity, though an experienced MSK clinician is likely to perform equally as well or better.
